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Musculoskeletal injuries represent a challenging problem for traumatology and sports medicine, as they are the most common cause of severe long-term pain and physical disability for the majority of athletes ([@ref1]).

The quadriceps and hamstring muscle groups are more commonly affected by strains and avulsions.

The most common type of quadriceps injury is an intramuscular strain at the myotendinous junction ([@ref2], [@ref3]).

Proximal lesions of the rectus femoris in adult athletes are not commonly reported. Their optimal treatment is controversial; it is usually conservative but in some cases, especially in high level athletes with myotendinous retraction ≥ 1.5 cm or in adolescent with avulsion and displacement ≥ 2cm, surgery may be indicated ([@ref4]-[@ref7]).

In those lesions treated conservatively healing occurs slowly and it depends on their gravity (approximately 4-12 weeks); athletes are discouraged to resume their sport activity until walking without pain is possible. During this period, it has been demonstrated that the long recovery period may be also due to the structural alterations of the myotendinous junction induced by too long immobilization ([@ref8]-[@ref10]). For this reason, it is commonly accepted that a quick mobilization associated with specific rehabilitation and physical therapies facilitates an adequate structural resolution of the lesion ([@ref11]). Also platelet rich plasma (PRP) injections may favour this process.

PRP is a biological blood product obtained from the patient, which has anti-inflammatory and pro-regenerative functions ([@ref12]-[@ref14]).

It has been demonstrated that PRP is able to induce proliferation of muscle cells, differentiation of satellite cells, and facilitate angiogenesis ([@ref15], [@ref16]). In a clinical context, it has been reported that full recovery of functional capabilities could be restored in a smaller time when compared to other treatments ([@ref17]-[@ref19]).

However, results described by different research groups are conflicting and did not provide full support to the use of PRP for the treatment of muscle injuries.

For these reasons additional investigations should be important to better clarify PRP clinical applications ([@ref20], [@ref21]).

Case report {#sec1-2}
===========

A 39-year-old non professional soccer player arrived in our Emergency Department complaining of pain in his anterior thigh near the insertion of the rectus femoris on the anterior inferior iliac spine (AIIS), which happened during a football match; he referred a feeling of snapping in the same zone.

The patient walked with the help of two crutches because he was unable to weight bear freely due to pain.

An evident hematoma in the region mentioned above was noticeable.

On physical examination there was pain due to manual pressure, a deficit of strength in hip flexion against manual resistance and a gap in the AIIS region which was clinically palpable. For this reason we suspected a lesion/avulsion of proximal rectus femoris.

An ultrasound study confirmed our suspicion and showed the presence of hematoma at the myo-tendinous junction with fascial blood layers and tendon rupture of the proximal rectus femoris ([Figure 1](#F1){ref-type="fig"}).

Furthermore, magnetic resonance imaging (MRI) performed 7 days later confirmed the diagnosis and showed a lesion of the myotendinous junction characterized by partial lesion of the direct head and total lesion of the indirect head of the tendon with retraction of 1.5 cm associated to edema and hematoma ([Figure 2](#F2){ref-type="fig"}).

In that moment the patient got better. He did not use crutches, he had less pain during his daily life and he had less pain both in manual pressure and in tests against manual resistance.

In the face of this clinical improvement we decided to not consider the surgical option and to treat the patient with ultrasound guided PRP injections and a specific rehabilitation program, which was initially based on isometric exercises and, later, on eccentric work exercises and it was always accompanied by tecartherapy.

An autologous blood sample of the patient was taken by the Transfusion Center of the University Hospital of Parma. From this sample, 3 stocks of PRP were obtained. The injections were done 10, 20 and 30 days after injury (5 ml of PRP and 1 of thrombin) under ultrasound guidance.

Following the first infiltration the patient reported a progressive improvement in symptoms and a progressive decrease in pain.

Fifteen days after the end of the infiltrative cycle another evaluation showed the absence of pain and the patient referred to walk freely without limitations in his daily life, even if a deficit of strength against manual resistance was present ([Figure 3](#F3){ref-type="fig"}).

We therefore planned a new MRI and clinical evaluation 45 days after the end of the infiltrative cycle.

In the meantime, the patient continued the rehabilitation program, including concentric exercises against elastic resistance.

At the final clinical check the patient did no longer complain of pain. There was no more gap in the AIIS region, the range of motion was 0°-130° bilaterally and there was no deficit of strength against manual resistance. The MRI confirmed the advanced stage of healing as no longer hematoma was appreciable and edema had almost completely disappeared ([Figure 4](#F4){ref-type="fig"} and 5).

The patient returned to his sports activity without any problems 90 days after injury.

![Ultrasonography performed at the Emergency Department with muscle rupture (arrows)](ACTA-90-178-g001){#F1}

![MRI performed 6 days after injury with the signs of myotendinous lesion and retraction (arrows); coronal and axial views](ACTA-90-178-g002){#F2}

![Clinical evalutation 15 days after the end of the infiltrative cycle](ACTA-90-178-g003){#F3}

![Clinical evaluation 45 days following the infiltrative cycle](ACTA-90-178-g004){#F4}

![MRI 45 days following the infiltrative cycle with advanced signs of healing (arrows)](ACTA-90-178-g005){#F5}

Discussion {#sec1-3}
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Musculoskeletal injuries represent a challenging problem for traumatology and sports medicine; they are the most common cause of severe, chronic pain and physical disability for the majority of all sport-related injuries ([@ref1], [@ref22], [@ref23]).

In addiction to the clinical examination, imaging plays a key role in the diagnosis of these lesions; in fact clinical assessment may not be sufficient for distinguishing contusions from tears or for estimating the size of the lesion and the entity of the muscular retraction ([@ref24]).

Ultrasound offers both static and dynamic views of the quadriceps; given the low cost and expanding availability of the technology it has to be considered an excellent first step in evaluation ([@ref25]).

Nevertheless, MRI is the gold standard to define the gravity of these lesions and it allows a more global multidimensional assessment. Hematoma may be observed in case of complete tears and may have various signal intensities according to the time elapsed since the injury. These imaging tools are also important to follow the healing process and to detect complication occurrence thus reducing sports inactivity duration ([@ref26]).

Quadriceps and hamstring muscle groups are more commonly affected by strain and avulsion injuries.

The most common type of quadriceps injury is an intramuscular strain at the myotendinous junction ([@ref3], [@ref27]).

From a histochemical point of view, in fact, the most evident effect is a dramatic reduction of glycosaminoglycans at the level of the muscle-tendon interface; moreover, there is an increase in type 3 collagen compared to type 1 collagen.

Type 3 collagen appears weaker from a biomechanical point of view than type 1, which is the basic collagen of myotendinous junction and tendon. Wrong training and inactivity accentuate this.

There is, in fact, growing evidence that these conditions play a key role in these structural modifications thus leading to a reduction in strength and elasticity at the level in the tendon and myotendinous junction ([@ref26]).

Proximal lesions of the rectus femoris in adult athletes are not commonly reported, and their optimal treatment may vary ([@ref4]). It is usually conservative and surgery has limited indications (high level athletes with myotendinous retraction ≥ 1.5 cm or in adolescent with avulsion and displacement ≥ 2cm) ([@ref4]-[@ref7]).

Healing time depends on the grade of rupture and athletes are discouraged to resume their sport activity until walking without pain is possible (approximately 4-12 weeks). During this period, it has been demonstrated that the long recovery period may be also due to the structural alterations of the myotendinous junction induced by the excessive immobilization after the injury ([@ref8], [@ref10]).

For this reason, it is commonly accepted that a quick mobilization, followed by a specific rehabilitation program and physical therapies, may facilitate an adequate structural resolution of the injury. PRP injections can further favour this process ([@ref11]).

The therapeutic program initially starts with isometric exercises. After few days, and after the acute phase and the articular excursion is recovered, eccentric and concentric isotonic exercises were introduced as well as progressive stretching. Exercises must always be performed below the pain threshold for the duration of rehabilitation and can be associated to physical therapies.

PRP is a biological blood product obtained from the patient, which has anti-inflammatory and pro-regenerative functions ([@ref12]) and is being used more frequently to promote healing of muscle injuries ([@ref28]-[@ref30]).

There is abundant evidence suggesting that growth factors may play a key role in the healing process, especially in the early stages of inflammation ([@ref13]); in fact it has been demonstrated that PRP is able to induce proliferation of muscle cells, differentiation of satellite cells, and facilitate angiogenesis ([@ref15], [@ref16]).

In a clinical context, it has been reported that full recovery of functional capabilities was restored in a smaller time when compared to other treatments ([@ref11]).

Despite the reported clinical successes with the use of growth factors there is still a lack of knowledge on the biological mechanism underlying the activity of platelet-rich plasma during the process of muscle healing ([@ref13]); results of studies performed by different research groups are conflicting and did not provide full support to the use of PRP for the treatment of muscle injuries. For these reasons additional investigations would be important to better clarify PRP clinical applications in these kinds of injuries ([@ref20],[@ref21]).

The satisfactory outcome of this case report confirms that PRP injections associated to specific rehabilitation may play a key role in the treatment of muscular lesions. Authors believe that PRP injections has to be performed with the assistance of ultrasound and in the early stage of inflammation.

Conclusions {#sec1-4}
===========

Proximal lesions of the rectus femoris in adult athletes are not commonly reported and their therapeutic management remains controversial. MRI is the diagnostic and prognostic gold standard exam. Although the surgical option is a choice in selected cases, conservative approach is the standardized treatment in most patients. In this perspective, PRP associated with rehabilitation and physical therapy may play a key role both in the healing of the lesion and in the early recovery of physical activity.

Conflict of interest: {#sec1-5}
=====================

Each author declares that he or she has no commercial associations (e.g. consultancies, stock ownership, equity interest, patent/licensing arrangement etc.) that might pose a conflict of interest in connection with the submitted article
